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Figure 4. Estimated Grazing Area and Mineral Deposit Extent
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Besides the fact that ranges are associated with the input parameters used in this evaluation, other
uncertainties must be considered in interpreting the results. These include:

e More information is needed on potential receptors of concern at the site. Horses and cows
have been observed using properties adjacent to the areas with the mineral deposits.

e The areas containing the mineral deposits do not contain significant amounts of forage, as
they are located on steep riverbank areas. Grazing animals are likely to derive only a very
small amount of their feed from these areas.

e The elemental content of potential forage in the site area is unknown and would contribute
to the diet of animals grazing on that land.

e Grazing probably occurs for only a portion of the year. It is likely that supplemental feed
would need to be provided, particularly for the winter months.

o Limited toxicity data are available for horses and other animals that might use the land and
encounter the mineral deposits.

e Some animals are known to deliberately ingest soil to satisfy a sodium deficiency, and the
mineral deposits have a measured sodium concentration of 162,000 mg/kg (SRNL 2014).

e The variability in background mineral deposit concentrations is unknown, but mean
concentration of sulfate in the mineral deposits in the plume area is essentially the same as
the background concentration.

3.5 Correlation of Mineral Deposits with Groundwater Plume

To better understand if site groundwater conditions influence COC concentrations in the mineral
deposits, concentrations of COCs in the mineral deposit samples were spatially compared to
COCs in the groundwater contaminant plume. Information on the contaminant plume was
derived from the Riverton 2012 Enhanced Characterization Report (DOE 2013) from shallow
groundwater samples collected using a Geoprobe with direct-push technology. The comparison
of the mineral deposits with the contaminant plume was achieved by comparing plume COCs in
a line perpendicular to the plume flow direction. This comparison used a line going through
mineral deposit sample location MD-02 and Geoprobe sample line T06 (see the cross-plume line
in Figure 5). A line parallel to the plume direction was defined by Geoprobe sample points
T04-09 and T08-03, because these points provide a good parallel line on the southwest boundary
of the molybdenum plume (based on Figure 38 in the 2012 Enhanced Characterization Report
[DOE 2013]). Using this parallel line (i.e., the pink line in Figure 5), all of the T06 line
groundwater samples and new MD series mineral deposit samples were projected onto the
cross-plume line.

To provide a comparison between contaminant plume groundwater (Geoprobe line T06) and the
mineral deposit samples, a maximum COC concentration was calculated in milligrams per
kilogram assuming the plume groundwater was fully evaporated (Table 7). These units are
milligrams of COC divided by kilograms of total solids that would be deposited from full
evaporation; they were calculated using the total dissolved solids value that was computed using
all constituents measured in the groundwater. The COC maximum concentrations for uranium
(U), molybdenum (Mo), sulfate (SO4), and manganese (Mn) compared to measured values from
the mineral deposit samples are provided in Figure 6 through Figure 9, respectively. In all of
these figures, MD-02 is the zero point, and the T06-10 line is provided as a location reference.
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Table 7. Data for Evaporated Groundwater Along Line TO6
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Location Calculated |Groundwater| Evaporated | Groundwater| Evaporated |Groundwater| Evaporated |Groundwater| Evaporated
TDS (mg/L) | Mn (mg/L) | Mn (mg/kg) | Mo (mg/L) | Mo (mg/kg) U (mg/L) U (mg/kg) S0, (mg/L) | SO, (mg/kg)
T06-01 2,228 1.2 539 0.013 5.8 0.051 22.9 1,200 538,600
T06-02 2,684 1.7 633 0.083 30.9 0.024 8.9 1,500 558,867
T06-03 3,052 14 459 0.012 3.9 0.020 6.6 1,700 557,012
T06-04 2,193 0.67 306 0.020 9.1 0.029 13.2 1,200 547,196
T06-05 4,772 0.17 36 0.083 17.4 0.17 35.6 2,900 607,712
T06-06 5,108 2.8 548 0.1 21.5 0.18 35.2 3,100 606,891
T06-07 6,710 1.7 253 0.17 25.3 0.30 447 4,100 611,028
T06-08 5,947 0.85 143 0.25 42.0 0.60 100.9 3,600 605,347
T06-09 5,522 0.64 116 0.31 56.1 0.96 173.9 3,400 615,719
T06-10 6,172 2.7 437 0.96 155.5 1.4 226.8 3,900 631,886
T06-11 3,750 14 373 0.97 258.7 0.58 154.7 2,300 613,333
T06-12 2,141 1.1 514 0.34 158.8 0.58 270.9 1,200 560,486
T06-13 2,055 2.2 1071 0.075 36.5 0.66 321.2 1,200 583,942
T06-14 1,239 0.67 541 0.030 24.2 0.16 129.1 600 484,262
T06-15 850 0.70 824 0.014 16.5 0.075 88.2 350 411,765
T06-16 829 0.060 72 0.0050 6.0 0.056 67.6 310 373,945
T06-17 1,258 0.18 143 0.0048 3.8 0.055 43.7 580 461,049
T06-21 595 0.087 146 0.0046 7.7 0.0096 16.1 120 201,819
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Abbreviations:

TDS = total dissolved solids

Mn = manganese

Mo = molybdenum

U = uranium
SO4 = sulfate

mg/L = milligrams per liter

Notes:

TDS is not a laboratory measurement, but a calculation of total mass from all measured constituents in solution.
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Figure 8. Sulfate in Mineral Deposits and Fully Evaporated Groundwater
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The background mineral deposit sample MD-01 is labeled as a negative distance from MD-02 to
Geoprobe point T06-10 (Figure 5). Otherwise the term T06-10 line, could be confused with the
other and is also projected to the cross-plume line. Samples MD-25 and MD-26 were not
included in Figure 6 through Figure 9 because of their location. The projection lines of these two
samples intersect river meanders and cross the river two times (Figure 5). Thus, these samples
are much less likely to be within the plume discharge zone. This conclusion is also based on the
lower concentrations of U and Mo in these samples compared to concentrations in samples
MD-16 through MD-21; however, these concentrations are still slightly elevated compared to
background sample MD-01 (Table 1).

The resulting figures for U and Mo (Figure 6 and Figure 7, respectively; note the logarithmic
scale) show very good matching trends between the mineral deposit samples and the evaporated
groundwater. These figures indicate that U and Mo concentrations in the mineral deposit samples
appear to be controlled by evaporation of discharging plume groundwater, but do not reach the
maximum concentrations that would be indicated by full groundwater evaporation. This might be
due to solubility controls, but it could also be influenced by dilution during the sampling process
(inclusion of some underlying soil material). In addition, the plume samples increase in U and
Mo concentrations approximately 2,000 to 2,500 feet from MD-02, where concentrations in the
mineral deposit samples are still near background (Figure 6 and Figure 7). This may be an
artifact of not having a full alignment between the plume area discharge and the mineral deposit
samples. It is also important to note that the maximum U and Mo concentrations in groundwater
do not necessarily correspond with the maximum U and Mo concentrations in totally evaporated
groundwater (Table 7). This difference is due to the total solids values, mainly controlled by
sulfate concentrations. For example, a high U concentration in groundwater may be “diluted” by
an even higher total solids value. As a result, the maximum U concentration in groundwater does
not always correspond with the maximum U concentration in fully evaporated groundwater.

Sulfate (Figure 8) does not show the same trend as the plume correlation for U and Mo. Similar
to the groundwater plume (DOE 2013), the high sulfate to the southwest and a decrease in sulfate
in to the northeast are readily apparent in the evaporated groundwater samples (Figure 8).
However, the mineral deposit samples do not show any clear trend and are much lower in overall
concentrations. It is likely that sulfate precipitation is solubility controlled and that only specific
sulfate minerals precipitate at the conditions found at the Riverton site. Two sulfate-bearing
minerals (blodite and thenardite) have been identified in the riverbank mineral deposits,
according to a recent Riverton groundwater contamination report (SRNL 2014). Geochemical
modeling in that report also indicated a specific mineral precipitation order based on the overall
amount of evaporation. Similar to that report, the groundwater samples from line TO6 were
entered into the geochemical modeling program PHREEQC (Parkhurst and Appelo 2013), and
evaporation was modeled. Evaporation sequences derived for this study are similar to the
evaporation sequences used in the groundwater contamination report (SRNL 2014), but mineral
database differences and a lack of information on the total amount of evaporation make exact
mineral precipitation predictions uncertain. In any case, the data for sulfate concentrations in the
mineral deposit samples do not show much variation (Figure 8), which is consistent with a
sulfate mineral solubility control and the identified sulfate minerals.

Manganese does not form a distinct plume at the Riverton site. As a result, the Mn
concentrations in the mineral deposit samples and the evaporated groundwater do not show
any distinct trends (Figure 9). Overall, the Mn concentrations in the mineral deposit samples
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are similar to the maximum concentrations of Mn derived from evaporated groundwater.
Generally, Mn is not soluble under fully oxidizing conditions at the surface and may be fully
precipitated in the mineral deposit samples.

4.0 Conclusions

Evaluation of the mineral deposits identified and sampled along the Little Wind River can be
summarized as follows:

e Radiation (gamma) measurements from the mineral deposits are near background levels and
do not pose any additional risk to human health.

e Ingestion of mineral deposits is not considered to be a threat to human health based on EPA
screening levels for residential soil. Uranium, molybdenum, and manganese concentrations
are all (except for one molybdenum result) below dietary benchmarks for domestic animals.
Therefore, these three constituents can be eliminated from further consideration for
ecological receptors.

e All sulfate results, including the background location, exceeded the sulfate benchmark for
cattle and therefore required additional evaluation. Based on the average mineral deposit
concentration, a cow would need to ingest approximately one-third of its soil intake from
areas with elevated mineral concentrations to reach the maximum permissible chronic level.
This is not a realistic scenario based on the limited extent of the mineral deposits compared
to the area available for grazing. However, future analyses are needed to examine other
receptors of concern and contributions to forage from soil and plants.

e Uranium and molybdenum concentrations measured in the mineral deposits generally
correspond with possible plume discharge zones. Sulfate appears to have a solubility
control, and manganese does not show any distinct trends.

o This investigation is a small part of continued efforts by DOE and other stakeholders to
update human health and ecological risk assessments. These efforts will provide a
comprehensive examination of all exposure pathways to ensure that site conditions remain
protective through established institutional controls.
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1.0 Introduction

In previous field trips to the Riverton site, a white mineral deposit resulting from evaporation of
groundwater seepage along the bank of the Little Wind River has been observed. In December
2014, a sample was collected by Savannah River personnel and was subsequently analyzed using
an X-ray fluorescence technique (Figure 1 shows a photograph the type of material that was
sampled). The sample was found to have a uranium concentration of approximately 64 to

73 parts per million, which is “in the expected range for evaporatic minerals in the western
United States” (DOE 2014a). Although the uranium in this mineral deposit is likely related to
activities associated with the former uranium mill site at Riverton, this level of uranium
concentration can occur naturally in other geologic media; for example, uranium concentrations
were measured from 50 to 200 milligrams per kilogram (mg/kg) in the Pennsylvanian Hartville
Formation in Wyoming (McKelvey et al. 1955) and up to 102 mg/kg in soils (USGS 2013).

The work described in this plan will further define extent of these mineral deposits and the
concentration of the associated contaminants. This plan addresses field reconnaissance, mapping,
sampling, and assessment of risk associated with these mineral deposits adjacent to the Little
Wind River. The objectives of this work are to:

o Identify the extent of the mineral deposits.

e Determine concentrations of contaminants of concern (COCs) in the mineral deposits and
associated soil.

e Determine if these mineral deposits pose unacceptable risk to human health or the
environment.

Photograph of white solid
“precipitate” accumulating
along embankment/outcrop
near well 789 [north side of
Little Wind River]

Figure 1. Example of a Mineral Deposit (DOE 2014a)
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2.0  Field Reconnaissance and Mapping

Visual inspection of the north bank of the Little Wind River and oxbow lake will be conducted to
identify areas of mineral deposits resulting from evaporation of groundwater seeps. Field
reconnaissance will focus on the oxbow lake and the section of the river where the groundwater
plume is expected to intersect the river but will also include areas on either side of the plume
(Figure 2). A global positioning satellite (GPS) device will be used to a map the linear extent of
each expression of a mineral deposit, and the thickness of the deposits will be measured and
recorded. Photographs will be taken at each sampling location to provided additional
documentation of the mineral deposit.

3.0  Sampling Protocol

Samples will be collected every 50 linear feet in areas where mineral deposits are located. If an
isolated mineral deposit is found that is less than 50 feet, one sample will be collected at each
isolated deposit. A maximum of 50 samples will be collected. GPS coordinates will be collected
at each sample location. Samples will be consecutively numbered starting with MD-02 on the
west side of the reconnaissance area as shown in Figure 2. One sample will be collected
(MD-01) near the upstream sampling location to provide background data.

Samples will be collected by scraping a thin layer of mineral deposit and soil along the width of
the mineral deposit and placing the material into a 250 milliliter high-density polyethylene bottle.
Both soil and mineral deposit material in the sample are expected to represent potential
biological uptake or ingestion.

General sampling protocols specified in the Sampling and Analysis Plan for U. S. Department of
Energy Office of Legacy Management Sites (SAP) (DOE 2014b) will be used to guide the
sampling effort. Protocols in the SAP that are applicable to this project include pre-trip planning,
chain-of —custody, quality control, sample identification and handling, analytical program
requirements, equipment decontamination, and documentation.

Analytical Methods

Samples will be analyzed for manganese, molybdenum, sulfate, and uranium using an approved
DOE-Consolidated Audit Program audited laboratory using EPA-approved preparation and
analytical methods shown in Table 1.

Table 1. Analytical Requirements

Constituent Preparation Method Analytical Method Detection Limit
(mg/kg)
Manganese SW-846 3050B SW-846 6020 3
Molybdenum SW-846 3050B SW-846 6020 5
Sulfate SW-846 9056 SW-846 9056 5
Uranium SW-846 3050B SW-846 6020 1
Work Plan to Sample Mineral Deposits—Little Wind River, Riverton, Wyoming U.S. Department of Energy
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4.0 Risk Assessment

4.1 Human Health Risk

It is possible that some human exposure could occur; however, because of the remote location
and the limited exposure frequency and duration that could occur from any potential exposure
pathway (inhalation, ingestion, or dermal absorption), risk to human health is considered
insignificant. To address the small potential for risk to human health, the mineral deposits will be
scanned with radiological instrumentation to determine if there is a potential for radiological
dose. The gamma radiation readings from the field instrument will be converted to dose rate and
compared to the DOE public dose limit of 100 millirem/year limit (DOE 2011). Radiological
instrumentation will have a current calibration and will be operationally checked prior to use.

Gamma readings will be used to guide sampling of the mineral deposits. If gamma readings are
above background on contact with the mineral deposit, then a sample will be collected at the
highest gamma reading at each 50 foot interval. Two gamma readings will be recorded at each
sample location — one on contact with the mineral deposit and one 3 feet away from the mineral
deposit. A background range of gamma readings also will be recorded in an area away from the
mineral deposits.

4.2 Ecological Risk

The primary risk to the environment from the mineral deposits will likely be ingestion by
animals; therefore, concentrations will be compared to benchmark values derived from Mineral
Tolerance of Animals (National Research Council 2005), which are listed in Table 2. If COC
concentrations of mineral deposit samples are below the benchmark values or ranges in Table 2,
then risk from exposure to the mineral deposits will be considered insignificant. If the
concentrations are within or exceed the benchmark ranges listed in Table 2, then additional
assessment of the risk will be conducted. Note that this work plan is focused on the mineral
deposits; additional biota samples may be collected in the future, if necessary, to further assess
risk to human health and the environment.

Table 2. Benchmark Values to Address Risk®

Constituent Benchmark Comments
Values
Manganese 1,000 mg/kg Typically safe level for swine, cattle, sheep, and poultry.
Molybdenum 5to 10 mg/kg Based on cattle (most sensitive) with adequate copper.
Sulfate 1,500 mg/kg Maximum dietary sulfur for beef cattle and other ruminants.
Uranium 100 to 400 mg/kg | Maximum tolerable intake for domestic animals.

@Benchmark values from Mineral Tolerance of Animals (National Research Council 2005).
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5.0  Health and Safety

Sampling will be conducted according to the Job Safety Analysis (JSA) Water Sampling and
Minor Well Maintenance at LM Sites (expires 2/26/2015) for general hazards encountered during
field work. The main hazards associated with this work — driving, working near water, and
working near ledges are addressed in this JSA.
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